AN investigation of spermine has been proceeding for some time in these laboratories, and we propose to deal in this paper with the occurrence and. isolation of this substance, and to describe some salts and derivatives which have enabled us to establish its chemical composition.
preceding paper). In order to be certain that we were dealing with the same substance as that occurring in semen we considered it essential to isolate it in the form of this classical salt.
In spite of its great insolubility it is by no means easy to bring about the crystallisation of the phosphate unless special conditions are observed. These conditions were unfortunately not defined by Schreiner with the result that subsequent workers (Majert and Schmidt [1890] amongst others) failed to obtain the salt again and doubt has even been cast recently upon its existence. In fact, it seems unlikely that, with the e'xception of Poehl [1898] , who for reasons of his own refrained from giving details, it had ever been prepared again until two of us (M. C. R. and 0. R.), several years ago, determined the conditions necessary for its formation.
Ladenburg and Abel [18881 suggested that an essential constituent of the phosphate might be calcium, since they found this metal in a sample of the material which Schreiner sent them. They considered that the phosphate might possibly have the formula (C2H6N)4. Ca(PO4)2, which agrees with Schreiner's analysis better than his own formula. We find, however, that the pure phosphate is free from calcium and that Schreiner's analysis of the phosphate is correct, although he misinterprets the results, assuming the formula (C2H5N)2. H3PO4. 3H20, which was supported by faulty analyses of the hydrochloride and chloroaurate.
There are several possible methods for isolating the material from tissues. That adopted in earlier work by two of us (M. C. R. and 0. R.) consisted in the extraction of the tissue with hot acidulated water. From the filtrate, after treatment with lead acetate, a precipitate of phosphotungstates was obtained under the usual conditions. This precipitate was then extracted with acetone, which dissolves the bulk of the phosphotungstates, leaving a small insoluble fraction containing the whole of the spermine.
A considerable purification having been thus effected, the insoluble fraction was decomposed with baryta, and after removal of excess baryta from the filtrate it was neutralised with an appropriate quantity of phosphoric acid. The characteristic phosphate of spermine crystallised. out, this process being hastened by the addition of alcohol.
Another method consisted in subjecting the tissue extract to Kossel's silver fractionation process, when spermine was found to pass into the lysine fraction, from which the phosphate was isolated as before.
The yield of spermine phosphate obtainable from tissues being so small, it was necessary, for the purpose of this research, to work up large quantities of material. In order to avoid the necessity of using such large abiounts of phosphotungstic acid as would have been required in the proceses just described, alternative methods of workig up the concentrated extract were explored. A convenient process was found to consist in making this liquid alkaline and extracting continuously with butyl alcohol. Spermine passed into the alcohol and was precipitated by the addition of a solution of phospho-tungstic acid in butyl alcohol. The precipitate was worked up by the same procedure as that employed in the case of the acetone-insoluble phosphotungstate described above. By these means a considerable saving of phosphotungstic acid was effected.
Spermine, which we have prepared in the free state, is a crystalline, odourless solid melting between 550 and 600, and distilling in vacuo without decomposition. We find that it distils, somewhat slowly, with steam from strongly alkaline solution, and a very simple method of isolation has been based on this property. It is not only stable in hot concentrated alkali but also resists prolonged boiling with 30 % hydrochloric acid. The base, both as hydrochloride and in the free state, has been found to be optically inactive.
We Biooh. xvm so from 1 kg. pancreas, is obtained. The phosphotungstate is decomposed in the usual way by grinding with saturated baryta water and solid baryta in a mortar. The filtrate is freed from baryta by CO2 and subsequent warming to 700.
The final filtrate, containing the base as carbonate, is accurately measured, one-third of it is withdrawn and titrated with 10 % phosphoric acid, using methyl orange as an indicator. The addition of the acid is continued carefully after the indicator has changed colour until the reaction is distinctly acid to sensitive Congo paper. The remaining two-thirds of the basic solution are then mixed with the acidified portion and the mixture will then be found to be amphoteric to litmus paper. Spermine phosphate crystallises out slowly in rosettes and single crystals on allowing the solution to stand for some hours. In order to obtain the maximum yield, however, it is advisable to add one-third of the volume of alcohol when an immediate crystallisation of slender needles of spermine phosphate begins. The substance is recrystallised from 50-60 volumes of boiling water. Yield 0 9 g.
The procedure outlined in the last stage of the method has been evolved after many failures, which taught the necessity of adjusting the final reaction to neutrality, the slightest excess of acid or alkali preventing crystallisation. A colorimetric determination of the PH of solutions of pure spermine phosphate demonstrated the fact that crystallisation only takes place within the narrow limits of pa 6-8 to PH 7*2, a fact which may be of physiological significance.
(2) Butyl alcohol method. An extract of 5 kg. pancreas is prepared in the same way as under (1), except that the lead treatment may be omitted. The concentrated extract is made alkaline by adding 25 cc. of 50 % NaOH solution per 100 cc. and the solution is extracted continuously with butyl alcohol after the method of Dakin for about 24 hours. To the butyl alcohol extract is added a 25 % solution of phosphotungstic acid in butyl alcohol until no further precipitate appears. The precipitate is allowed to settle and washed four times with acetone, either by decantation or by the centrifuge. After filtration and drying in vacuo the phosphotungstate is obtained as a white voluminous powder (about 10 g. from 1 kg. pancreas). Spermine phosphate is prepared from it in exactly the same manner as described under (1). Yield 1-0 g.
Of the alternative methods for the recovery of the base from its butyl alcoholic solution, which have been successfully applied, the following may be mentioned: (1) neutralisation with phosphoric acid under certain conditions, the phosphate being precipitated in an amorphous state, (2) precipitation of the picrate with a butyl alcoholic picric acid solution, and (3) extraction with dilute mineral acid, followed by precipitation with phosphotungstic acid.
(3) Steam distillation. 5 kg. of the tissue are treated with boiling water and acetic acid as in the first method. The filtered extract is evaporated in vacuo to as small a bulk as possible. Solid NaOH (50 g. per 100 cc. fluid) is added and the solution steam-distilled in the usual way. Distillation is continued until the distillate no longer gives a precipitate with Dragendorff's reagent, which indicates that all the spermine has been removed. The distillate is then treated with phosphoric acid in the same manner as the baryta-free solution of the base in the preceding sections, and evaporated to about 100 cc. per kg. of pancreas taken. Alcohol is added to produce a concentration of 25 % when spermine phosphate crystallises out'. Yield 1-5 g.
The above methods have been applied with slight modifications to other tissues. Spermine phosphate has also been obtained from Lebedeff's and distiller's yeast, but not from baker's yeast. The commercial yeast extract "Marmite" contains about 0*04 %. From Liebig's Extract 0.01 % spermine phosphate was isolated. It was found that when the crystallisation of spermine phosphate is completed, the filtrates contain the soluble phosphate of another base which has not yet been identified. The amount is only one-tenth of that of spermine (about 2 g. from 100 kg. pancreas), its phosphotungstate is insoluble in acetone and it yields a well crystallised picrate (M.P. 210°). The soluble phosphate from yeast has been identified with putrescine (picrate, M.P. 2640; phenylisocyanate, M.P. 2400; benzoyl compound, M.P. 1780).
Properties and solubility of spermine phosphate. On recrystallisation from water the substance is obtained in colourless crystals, insoluble in alcohol, ether and organic solvents, easily soluble in dilute acids and alkalies. The crystals slowly lose water of crystallisation over sulphuric acid, rapidly at 1000, becoming opaque. Their typical form is seen in the photomicrograph given in the preceding paper. When rapidly formed by the addition of alcohol, they appear as slender long needles. Occasionally they occur under these conditions as anisotropic spherocrystals, which quickly change into the usual form. The solubility of the pure salt was found to be 1 part in 100 parts of boiling water. At 20°its solubility in water is 0-037 %.
Behaviour of spermine phosphate in melting point determination.
The salt begins to soften at 2270, froths up the tube with evolution of gas and melts between 230-234°. At 2400 the evolution of gas has stopped and a white deposit lines the tube. At 260-262°this deposit runs together with a slight evolution of gas. There is no discoloration during these changes.
Analysis 5.7 g. spermine picrate were suspended in 60 cc. of a mixture of 75 cc. alcohol and 25 cc. 14 % aqueous HCI. The suspension was heated on a boiling water-bath for 10 minutes. The picrate did not go entirely into solution but was nevertheless decomposed and the liquid was now filled with a suspension of the white hydrochloride. This was poured into 500 cc. of dry acetone, the hydrochloride being thereby precipitated as a granular crystalline powder. This salt was filtered off and washed with acetone and finally with ether, until free from picric acid. The funnel containing the salt was transferred quickly to a vacuum desiccator and the adherent acetone and ether were removed by cautious evacuation in the presence of sulphuric acid. After about half-an-hour the spermine hydrochloride was obtained as a dry, white, non-hygroscopic powder. Yield 1*8 g.1 For recrystallisation it was dissolved in 12 cc. 10 % HCI and, after heating the solution on the water-bath, 40 cc. of boiling alcohol were added. The salt crystallised from this solution in short prismatic needles.
It is extremely soluble in water though not hygroscopic, very slightly soluble in hot methyl and ethyl alcohols and insoluble in acetone, ether and chloroform.
In the melting point tube it turns brown at 300-302°, and at 3100 the mass liquefies and a slow evolution of gas is observed. Crystallisation takes place more slowly than in the case of the gold salt. The orange-yellow salt can be recrystallised easily from 5 % aqueous hydrochloric acid, and is obtained in large, well-formed crystals, which are crystallographically described in the preceding paper. The substance melts with decomposition at 242-245°.
Analysis. 0 1594 g. lost 0-0069 g. at 1030, and the dry salt gave 0-0577 g. Pt on ignition, whence H20 = 4.33 %, and Pt = 37-91 %.
Calculated for C10H26N4.2H2PtCl6: Pt = 38-20 /.
Benzoyl spermine. 
